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&) STEEL SHEET HAVING DENSE CERAMIC COATING WITH EXCELLENT ADHESION,SMOOTHNESS AND
CORROSION RESISTANCE AND PROCESS FOR ITS PRODUCTION.
@ A process for coating the surface of low-carbon = orated substance as far as the vicinity of the surface
steel sheet or stainless steel sheet with a ceramic of the steel sheet, providing a metal-semimetal coat-
coating, which comprises extending a focusing coil ing composed of at least either a metal or a semi-
which serves as a path for migration of an evap- metal as an undercoat layer, and forming thereon at
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least one layer of ceramic coating to obtain ceramic-
coated steel sheet having excellent adhesion,
smoothness and corrosion resistance.

FIG.3
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Specification

STEEL SHEETS PROVIDED WITE DENSE CERAMIC COATING
HAVING IMPROVED ADHESION PROPERTY, SMOQTHENESS AND
CORROSION RESISTANCE AND METHOD OF PRODUCING THE SAME

TECHNICAL FIELD

This invention relates to a method of forming a
ceramic coating having rich adhesion property,
smoothness and corrosion resistance onto a surface of a
low carbon steel sheet, a stainless steel sheet or the
like,
BACKGROUND ART

Recently, the coating technigue using plasma is
considerably advarcing and widely used in varicus
fields. As the use of such a coating technique; there

are mentioned, for example, formation of magnetic

recording thin £ilms, varlous abrasion resistant

coatings, corrosion resistant coatings, decorative
coatings, far-infrared ray heating elements and the
like.

In general, evaporation substance of metal,
semi-metal or the like can be icnized or activated to
give high motion energy by utilizing the plasma, whereby
sheets having good adhesion property between vapor
deposited £ilm and substrate and £ilm quality are
obtained.

Heretofore, there have been magnetro sputtering

method, EB (electron beam) + RF (radio frequency)
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method, plasma CVD method and the like as the plasma

coating method, and multl arc method using vacuum arc
and ion plating using hollow cathode discharge (HCD)

method are recently known.

Among these plasma coating methods, the hollow
cathode discharge method is relatively high in the
ionization ratio and the film forming rate, =¢ that it
is utilized for small silze ceramic coatings such as
decorative articles, tools and the like.

In order to form ceramic cosating having improved
properties such as adhesion property, uniformity,
corrosion resistance and the like onteo a surface of
steel sheet having a large surface area by these
methods, it is neceasary to increage the iconization
ratio in the ieon plating or ion plantation treatment, to
increase the voltage applied to the steel sheet and to
raise the temperature of the steel sheet.

In the coating £ilm obtained by such a
treatment, the £ilm quzlity, adhesion property and
corrosion resistance are largely improved, but it can
not be said that satisfactory adhesion property and
corrosion resistance are obtained, and hence it is
demanded to more improve these properties.

Particularly, the ion plating treatment through
the hollow cathode discharge method can expect the

improvement of corrosion resistance, decorative property
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or wear resistance on steel sheets having a large
surface area for use in building materials or the like,
g0 that the utilization thereof is attempted, but it is
not yet put inte practical use at the present.

Because, such 2 steel sheet ig regquired to have
the folleowing conditions:
1) the adhesion property between steel sheet and
ceramic coating is good;
2) the ceramic coating can uniformly be coated over a
large surface area;
3} the film gquality(particularly densificatlon) of the
ceramic coating ls good;
4) the corrosion resistance is excellent;
5) the coating can be formed on the steel sheet having
a large surface area at a high speed and under good
plasma atmogphere; and the like,
but the above conditions ecould not sufficiently be

satisfied by the conventional hollow cathode discharge

method.

Apart from this, there are recently made
investigations on the properties of surface-treated
steel sheets through lon plating using the arc discharge
method, and consequently it is reported that when a
different metal is subjected to dry plating at an
interface of the steel sheet to form a double layer

coating, the corrosion resistance 1is considerably
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improved as compared with that of the single layer
coating., {see Tetsu to Hagans, 72(1986), S1309 by
Hirogshi Xagechika, Hiroshi Kibe, Takeshl Aniya, Hiroshi
Naemura, Takashi Earatomi}., On the other hand, Japanese
Pétent laid open No. 82-99458 discloses a method
consisting of & f£irst step of conducting ion plating
under a high vacuum atmosphere of not higher than
1.0x107° Torr to form a first plated layer and & step of
forming a plated layeé of a different material from the
first layer on the above layer. This ion plating method
is required to use a high wvacuum that an atmosphere
pressure under vacuum is not higher than 1.0x107° Torr,
so that there is caused a problem when it is actually
adopted In an industrial scale.

Furthermore, it has lately been reported that
the corrosion resistance is improved by subjecting
stainless steel gsheet after the electrolysis wlth nitric
acid to 8i0, or SisN, coating through plasma CVD
(Eashimoto et al: CAMP - ISIJ., Vol. 1 (1588), P426 and
Japanese Patent laid open No., 63-62860). 1In this
method, however, ion bombardment treatment is usually
conducted before the dry plating treatment, so that the
electrolytic effect on the surface of the steel sheet is
disappeared to form a passivative £ilm on the surface of
the stainless steel sheet, and consequently the adhesion

property between steel shest and ceramic coating is
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deteriorated and there are remained many problems to be
solved when it is adopted in the actual production step.

In Japanese Patent Application Publication
No. 55-33595, it has been attempted to adhere a
substance having a good far-infrared ray radiocactivity
such as TiO,, Zr0,, Al,0; or the like onto a surface of
metal sheath type heating element as a far-infrared ray
heating element suitable for use in a heat source for
heating or drying, a reflecktive plaée for a stove and
the like. ZIn this method, however, the difference in
thermal expansion coefficient between heating element
and ceramic coating is large, so that the ceramic as'a
surface layer is apt to be peeled off.

As & means for solving this problem, there is
proposed a method wherein a caramic heating element
consisting mainly of conductlve ceramic such as TiC,
TiN, TiC-TiN-Al,0; or the like is used instead of the
metal sheath type heating element and the aforementioned
far-infrared ray reflection type ceramic layer such as
Ti0, or the like is formed on the surface thersof as
disclosed in Japanese Patent laid open No. 60-60990 and
No. 60-130082, 1In this case, however, the coating
method is spraying, immersion or heat treatment, so that
it can not be gaid to be a basical countarmeasure.
DISCLOSURE OF INVENTION

The invention advantageously solves the above
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problems and is to provide a method of advantageously
forming a dense ceramic coating having excellent
adhesion property, smoothness and corrosion resistance
when the ceramic coating is formed on low carbon steel
sheet, stainless steel sheet or the like.

The Iinventors have made studles in order to
solve the above problems, and as a result it has been
found out that a focusing coil for guiding an
evaporation substance into a substrate, which has
hitherto been arranged only in the vicinity of an
gvaporation source, is extended near to the substrate to
utilize an inside of such an elongated focusing coil as
a passage for moving the evaporation substance and ien
plating is carried out under condition that a power
applied to HCD beam and foocusing coil satisfies a given
range, whereby a very dense ceramic coating is obtained
and hence the adhesion property, smoothness and |
corrosion resistance are considerably improved,

The invention is based on the above knowledge.

That ig, the invention lies in & gteel sheet
provided with a dense ceramic coating having improved
adhesion property, smoothness and corrosion resistance,
comprising an underground coating formed on a surface of

& low carbon steel sheet or a stainless steel sheet and
made from at least one of metals and semimetals, and a

ceramlc coating of at least one layer formed on said
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underground coating; sald ceramic coating having a
surface roughness Ra of not more than 0.4 um and a pore
number per 1 cm? of not more than 1,

" Purthermore, the invention lies in a2 method of
producing steel sheets provided with a dense ceramic
coating having improved adhesion property, smoothness
and corrosion resistance by forming a ceramic coating
onto a su;face of low carbon steel sheet or stainless
steel sheet through an ien plating treatment with HCD
method, which comprises forming a metal-semimetal
coating made from at least one of metals and semimetals
as a first.iayer onto said surface of said steel sheet
and forming a ceramic coating as a gecond layer on sald
coating under the following conditionsg using as a moving
passage of an evaporation substance an inside of a
focusing coil arranged so as to surround an outer
periphery of a crucible and extend near to sald surface
of gaid steel shest.

Account
30 2 H 5 160
0.2+0,.03E & F £ 5.5+0.073E
(wherein H: a making power (kW) of HCD beam
F: a making power (kW) of focusing ecoil)
In the invention, it is advantageous that prior
to the formation of the metal-semimetal coating as a

firgt layer, the steel sheet surface is gubjected to a



EP 0 365 687 A1

polishing treatment so as to have Raso0.4 um, or the
steel sheet is preliminarily heated at 100-600°C, or
further the steel sheet surface is gubjected to Cr or Ni
plating through a wet plating.

Furthermore, in the invention, a ceramic coating
can repeatedly be formed on the ceramic coating as a
second layer through the presence or absence of the
metal+semimetal coating, if necessary.

Moreover, in the invention, it is advantageous
that an annealing treatment is carried out at 500-1200°C
in an oxidiéing atmosphare after the formation of the
ceramic coating as a final layer.

According to the invention, at least one layer
selected from nitrides, carbides and carbonitrides of
71, 2Zr, Ef, vV, Nb, Ta, Cr, Mo, W, Mn, Coc, Ni, Al, B and
Si and oxides of AL, Zn, Mn, Mg, Ti, Cr, B, Ni and Si 1is
particularly advantagecusly adapted as the ceramic
coating.

Thus, when the ion plating is carried out
according to the invention, steel sheets provided with a
very dense ceramic coating having not only adhesion
property and corrosion resistance but also excellent
smoothness of Ra=0.4 um and further pore number per
1 cm?£1l are obtained,

The invention will be deseribed in detall below.

At first, the invention is described with
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respect tO experimental results gucceeding the
invention.

A hot rolled sheet (thickness 2.2 mm, width
500 mm) of a low carbon steel containing C: 0.044 wty
(hereinafter shown by % simply), Mn: 0.30%, P: 0.008%
and 8: 0.012% was eold rolled to a thickness of 0.3 mm,
and then subjected to a recrystallization annealing at
s50°C, and thereafter the steel sheet surface was
degreased and a miN coating was formed on the steel
cheet surface by the following methods O, @, @, @, 6]
and ®.

Account

@ The coating formation was earried out by a so~called
FB+RF method wherein T1 was evaporated by electron bean
scanning and ionized with RF (Radio Frequency) coil to
form TiN coating (1.0 mm tnickness). Moreover, the
treating condition was a vacuum degree of 6x10°% Torr,
and the EB (pierce type) irradiating conditlons were
acoeleration voltage: 60 kv, current: 5 mA and RF power
of 800 W. Furthermore, the preliminary heating
tamperature was 400°C and the applied veltage was 800 V.
@ The coating formation was carried out by EB+RF
method wherein Ti coating (0.5 um thickness) was f£ormed
on the steel sheet gurface by elactron beam scanning and
7i was evaporated and ienized by RF coil to form a TiN

ceramic coating (0.5 um thickness). Moreover, the
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treating condition of Ti coating as a first layer was a
vacuum degree of 2x107% Torr, and the EB {pierce type)
irradiating conditions were acceleration voltage: 60 kV
and current: 5 mA. 1In the formation of TiN coating as a
éecond layer, powar of RF for lonization of N, gas was
800 W in the same EB conditions. The vacuum degree in
the formation of TiN coating was 7x10~% Torr, and the
preliminary heating and applied voltage were the same as
in the conditions of @. '

@ A TiN coating of 1 um in thickness was formed onto
the steel sheet surface by ﬁsing an ion plating
apparatus of HCD gystem shown in Fig. 1.

In this drawing, 13 is a substrate, 14 an inlet
of reaction gas, 15 a crueible, 16 an evaporation source
(Ti), 17 a discharge port for high vacuum suctien, 18 a
vacuum tank, and 19 an HCD gqun.

The HCD gun is a combination of an outer layer
15-1 made from graphite and an inner layer 19-2 made
from Ta in thls embodiment, wherein the outer and inner
layers are geparated from each other at a certain space.
Furthermore, in order to prevent discharge between
layers, current can be flowed from the inner layer 19-2
to the evaporation source inside the crueible 15 though
the illustration is omitted., Thus, the abnormal

discharge of the HCD gun becomes less and the long life
of BCD gun is attained,
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Furthermore, the ECD gun 19 is always held at a
eonseant distance to the crucible 13 by means of a feed
mechanism 19-3, whereby the supply of stable plasma beam
can be ensured over a long period of time. Moreover,
19~-4 is a power source for HCD gun and 19-5 is an inlet
for Ar gas.

further, 20 is a focusing coil arranged around
the ECD gun 19. The generated plasma is focused into a

fine plasma beanm 21 by the focusing coil 20. Then, the

focused fine plasma beam 21 is deflected so as to bend

in a direction perpendicular to the surface of the
evaporation source as shown by dotted lines in the
drawing by means of a focusing coil 22 arranged around
the crucible 15 acting to change the magnetic field from
up ditrection to down direction and irradiated the
evaporation source. By the irradiation of the
perpendicularly bent plasma beam, the evaporation source
is evaporated just above, whereby the uniform deposition
of the evaporated substance to the substrate can be
achieved.

Tn this case, the focusing coil 22 extends close
to the inlet passage of reaction gas and up to the
vieinity of the substrate, whereby the inside of the
passage is maintained at a very good plasma state, sC
that the evaporated substance.dissolved and ionized by

the HCD beam goes straight on the substrate 13 and hence
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the deposition afficlency iz considerably enhanced.
Further, 23 is & voltage applied device for reaction
gas, which is provided with & cooling tube 24 and an
inlet tube 25 made from Ta. The ionization of the
reaction gas can be promoted by applying & voltage to
the inlet tube 25.

Moreover, the ilon plating conditions through ECD
method using the apparatus of the drawing were
acceleration voltage of 75 V¥V, current of 1000 A and
vacuum degree of 7.5x107% Torr. In addition, the
preliminary heating temperature was 400°C and the
applied voltage was 60 V.

@ After Ti coating of 0.5 pm in thickness was
deposited onto the steel sheet surface with the lon
plating apparatus shown in Fig. 1, TiN ceramic coating
(0.5 um thickness) was further formed thereon.
Moreover, the coating formation conditions were the same
as in the above item .

® TiN coating of 1 um was formed by ion plating
treatment through the conventional ECD method using an
ion plating apparatus shown in Fig. 2., In this case,
the treating conditions were acceleration voltage of
70 Vv, current of 1000 A and vacuum degree of

7x10~¢ Torr. The preliminary heating tempsrature was
400°C and the applied voltage was 60 V.

In thig drawing, 26 is a substrate, 27 a tube



EP 0 365 687 A1

for reaction gas, 28 a crucible, 29 an evaporation
source (Ti), 30 a usual L-ghaped HCD gun, and 31 a
focusing coll.
® After Ti coating of 0.5 um in thickness was formed
by using the ion plating apparatus shown in Fig. 2, TiN
coating of 0.5 um in ehickness was further formed
thereon. Moreover, the treating conditions were the
same as in the item &®.

The uniformity, corrosion resistance, adhesion
property, smoothness andrdensifying degree (porosity) of
the coatings obtained by the above treatments were

measured te obtaln results as shown in Table 1.
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Bs seen from the above table, when the Ti
coating is formed according to the method of the
invention in @ and further the TiN coating is formed
thereon, all of the evaporation rate, uniformity of
coating, corrosion resistance, adhesion property,
smoothness and densifying degres are excellent as
compared with the others @, @, @, ® and ®.
Particularly, it is noticed thaﬁ the corrosion
resistance and adhesion property are excellent in the
case of forming the TiN coating on the Ti coating layer
as compared with the case @ of directly forming TiN on
the steel sheet surface.

' As to the invention method @, the formation
state of the ceramic coating was further minutely
investigated by using an electron microscope, and as a
result it has been found that the formation state of the
coating largely changes Iln accordance with the
conditions of forming the high plasma atmosphere or the
difference of making powar for the focusing coil located
on the passage of moving evaporated substance.

In Fig. 3 are shown results measured on a
relationship between making power for focusing coil and
making power for HCD beam in order to obtain a smocth
ceramic coating.

As seen from this drawing, in order to obtain

the smooth ceramic coating, the making powers for
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focusing coil and ECD beam are existent within proper
ranges, respectively, and it is necessary te adjust the
making power for focusing coil in accordance with the
meking power for HCD beam, That is, it has been found
that the following conditions should be satisfied:
30 8 E £ 160
0.2+0.03E 8 F = 5.5+0.075E
', where H: making power for HCD beam (kW)

F: making pbwer for focusing coil (kW).

This is considered as follows:

That is, the good ceramic coating is obtained
only by making an optimum plasma atmosphere. 1If the
making power for focusing coil is too small, the high
plasﬁa atmosphere can not be generated, so that the
coating becomes uneven and rough, while if the making
power for focusing coil ls too large, the magnetic field
becomes extremely strong only at the central portion so
as not to generate a favorable plasms atmosphere.

In any case, the smooth ceramic coating can not be
obtalned. Therefore, in order to obtain the smooth
ceramiec coating, it is important to-satisfy the above
ranges. Moreover, the reason why the making power E for
ECD beam in the above equation is limited to the abave
range is as follows., That is, when the making power for
HCD beam is less than 30 kW, the ilonization energy to

the evaporated amcunt becomes lacking and the good



EP 0 365 687 A1l

plasma atmosphere can not be formed, while when it
exceeds 160 kW, the beam is scattered by the evaporated
substance and the evaporation energy is degraded.

As to such an improvement of the adheslon
property, corrosion resistance and further smoothness,
it has been found that the corrosion resistance,
adhesion property and further smoothness can largely be
improved by forming onto the steel sheet surface a metal
or semimetal coating as a first layer and a ceramic
coating as a second layer under particular treating
conditions likewise-a case that when different metals
are dry plated toc form two-layer coatings under & super
vacuum of not more than 1x107% morr, which is really
impossible in industrial scale on the surface-treated
steel sheet, the considerable improvement of corrosion
resistance is recognized as compared with that of the
single layer coating as mentioned above. Therefore, the
invention is very useful in the production of
practically used ceramic coated steel sheets.

Tn this connection, it has hitherto been known
to form ceramic coating of TiN, CrN ofﬁﬁhe like as 1-2
layer by using the spraying method, However, the number
of pores is large in the ceramic coating through the
spraying method as compared with the coating formed
under vacuum, and alsc the smoothness is very poor;y SO

that the coating having a rich smoothness of not more
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than 0.4 um as & center-line average roughness c¢an not
be obtained at all.

According to the invention, in order to improve
the adhesion property between steel sheet and ceramic
coating in addition to the improvement of corrosion
resistance through the formation of metal-ceramic
coating, it is desirable that the preliminary heating
temperature is raised to 100-600°C and the applied
voltage is used within a range of 10-200 V.

Then, a hot rolled sheet of stainless steel
containing C: 0.015%, Mn: 0.35%, Cr: 18.8% and Si: 0.13%
(2.3 mm thickness) was subjected to cold rolling - heat
treatment to a thickness of 0.25 mm, and (R) Cr of
2.0 um in thickness or (B) Cr of 1.0 um in thickness was
formed onto the steel sheet surface by wet plating.

As to (B), the Cr coating was further subjected to a dry
plating shown by (2) = (d).

(a) TiN was formed at a thickness of 1.0 um by
EB+RE;

{b) TiN was formed at a thickness of 1.0 um by the
nethod of Fig. 1;

{c) Ti {0.5 um thickness) was formed by the method
of Fig. 1 and TiN (0.5 um thickness) was further formed
therson;

(d) Ti (0.5 um thickness) was formed by the methed

of Fig, 2 and TiN (0.5 um thickness) was further formed
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thereon.

The evaporation rate, uniformity, corzosion
resigkance, adhesien property, smoothness and densifying
degree of the thus obtained ceramic coatings were

measured to obtain results as shown in Table 2.
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As seen from Table 2, when the Cr coating is
formed by the wet plating and the TiN coating is further
formed thereon according to the method (¢) of the
invention, all of the evaporation rate, coating
unifermity, corrosion resistance, adhesgion property:
smoothness and densifying degree are gxeellent as
compared with those of the other (a), (b) and (d4) as
well as the case of no ion plating.

Next, a hot rolled sheet of stainless steel
containing C: 0.015%, Mn: 0.15%, Cr; 18.5% and Ni: 8.6%
(2.3 mm thickness) was subjected to cold relling -
recrystallization annealing to form a sheet of 0.25 mm
in thickness, and theresafter the surface was degreased.
Then, the steel sheet surface was subjected to the
following coating treatments (2) - (¢) through © ECD
method, @ (EB+RF) method and ® spraying method,
whereby TiC or TiO, cQating wag formed as an outermost
layer.

(2) Cr of 0.5 um Was formed and TiC of 1.5 um was formed
thereon;

(b) Cr of 0.5 u&néés-fbrmed, and TiC of 0.5 pm was
formed, and'further i0, of 1.0 um was formed;

(¢) Cr of 0.5 um was formed, and TiC of 1.5 um was
formed, and the annealing was further carried out at
800°C in an oxidizing atmosphere.

The wavelength dependency of radioactivity at
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600°C (surface temperature of sample) was measured to
cbtaln results as shown in Pig. 4, while the adhesion
property, peeling properties at rapid heating and rapid
cooling and radiocactivity at a wavelength of 7 um every
the above condition were measured to obtain results as

shown in Table 3.
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As geen from Table 3 and Fig. 4, in the case D
formed through the ECD method, the adhesion property,
peeling propertles and radiation property are good in
the all conditions (a) - (c) as compared with the cases
formed by the other methods @ and ®.

Moresover, in the case @, the radiation property
is excellent in the conditions (b) and (c) than the
condlition (a).

As mentioned above, when the coating is formed
py using the HCD method, the ionization ratio is as high
as 40-60% as compared with the other (EB+RF) method or
the spraying method, so that the gquality of the coating
can be densified, from which it is considered to obtain
materials having improved uniformity, adhesion property,
smoothness and radiation property.

As a starting material used in far-infrared
radiating materizl. according to the invention, it is
favorable to use low carbon steel sheets and stainless
steel sheets, particularly relatively thin steel sheets
(0.1~1.5 mm thickness) capable of performing mass
production and rendering into a shape suitable for use
purpose and being inexpensive in the cost and héving an
electric conduct}vity.

These steel sheets are usually produced through
mot rolling, cold rolling and annéaling treatment steps

and then greased or further rendered into a mirror state
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of Ras0.4 um by a polishing treatment. Thereafter, the
surface of each of these steel sheets ls subjected to a
coating through the HCD method. In this case, according
to the invention, it is reguired to coat at least one of
metals and semimetals such as Ti, Cr, Al, Wi, Si, B and
the like at a thickness of about 0,1~5 um in order to
provide 2 good adhesion property to the steel sheet.
Next, a cefamic coating of about 0.1-3 um in thickness
is formed on the metal-semimetal coating through the ECD
method.

In this case, it is more advantageous IO
preliminarily heat the steel sheet at 100-600°C prior Lo
the formation of the above first layer of
metal-semimetzl costing in view of the improvement of
the properties.

Tn order to obtain good far-infrared radiating
properties, it ls preferable that at least one oxide of
ri, Cr, AL, Ni, Si and B is further formed at a
thickness of about 0,1-5 um as an outermost layer
through the HCD method or the steel sheet is annealed in
an oxidizing atmosphere at 500=~1200°C to form an oxide
coating.

The coating treatment through the ECD method may
be carried out by the usual batch type apparatus. Apart
from this, there may be utilized a method of

successively coating metal-semimetal onto the steel
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sheet surface, and further forming nitride, carbide and
oxide layer thereon by the continuous coating equipment
(Air—-to-Rir apparatusz).

Particularly, when the steel sheet is used as a
far=-infrared radiation heating element, it ig favorable
to use a high melting substance such as Cr, Nl or the
like as & metal-semimetal coating formed by wet plating
method.

In the invention, it is important that the metal
or semimetal coating is formed as’ an. underground layer
prior to the formation of ceramic coating conto the steel
sheet surface, whereby the considerable improvement of
corrosion resistance and adhesion property is achieved.

According to the invention, the moving passage
of the evaporated substance is surrounded by the
focusing coil, whereby the inside of the moving passage
of the evaporated substance becomes at a good plasma
state and'stray vapor bhecomes less, and consequently the
deposition onto the substrate can effectively be
conducted. Furthermore, since plasma is locked inside
the moving passage of the evaporated substance
surrounded by the focusing coil, there is caused no
wasteful discharge in the ion plating apparatus and the
bias voltage can stably be applied to the substrate, so
that the adhesion property.of the ceramic coating is

improved and also the coating becomes dense to improve
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the corrosion resistance and smoothness.

From the results of the above experiments, it is
clear.that the metal-semimetal cocating is formed as a
first layer onto the steel sheet surface by the HCD
method accerding to the invention, and then the ceramic
coating is formed thereon, whereby the coatings entirely
different from the coating through other ion plating
methods and having good adhesion propefty, smoothness
ard corrosion resistance are obtained.

Moreover, the above effects are made equal or
more by previously subjecting the steel sheet surface to
& wet plating and further 2 subsequent oxidation
treatment.

In the adaptation of the ECD method accordling to
the invention, ECD guns are arranged side by slde over a
widthwise direction of the steel sheet to ensure the
evaporation amount and uniformity, which can be applied
to coils having a width of not legs than 500 mm.
Particularly, in the invention, it is important to
effectively adhere the evaporated atom to the substrate
when the evaporatad substance ig ionized by means of the
HCD gun, and therefore, it is essential that the
focusing coil is extended from the crucible to the
vicinity of the substrates to form a good plasma state
inside the focusing cdil. Moreover, a distance from the

upper end of the focusing coll to the substrate is
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preferable to be about 50~150 mm, In thisg case, it is
important to conduct the supply of power into the
focusing coil within the range shown in Fig., 3.

In case of ensuring the adhesion property,
corrosion resistance of coating and uniformity of the
metal-semimetal coating and further the ceramic coating
formed on the substrate or the wet plated substrate, the
steel sheet is subjected to a preliminary heating at a
temperature of lOO~600°C.prior to the formation of the
coatiﬁg, or a voltage of 10-200 V is applied to the
steel sheef during the coating, or both the treatments
&re conducted.

Moreover, the preliminary heating before the
coating is usually carried out by using electron beam,
or may be conducted by using an infrared ray or usual
resistance heating.

Further, when the voltage of 10-200 ¥V is applied
to the steel sheet, it is more advantageous that a high
voltage of 50-200 V is used at a Eirst half gtage of the
coating and a low voltage of 10-50 V is uszed at a last
half stage of the coating from a viewpoint of the
improvement of the coating adhesion property.

It is favorable that the steel sheet surface is
completely degreased or, if necessary, the staeel gheset
surface is rendered into a mirror state by mechanical

polishing or chemical-electrolytic polishing prior to



. EP 0 365 687 At

the ion plating treatment. The metal and/or semimetal '
coating is formed on such a mirrer finished surface.

According to the invention, it is possible to
form a coating having an excellent adheslon property
without conducting a usual bombardment treatment.

Tn this case, after a passivate coating is formed by the
2forementioned electrolytic treatment with nitric acid,
rhe metzl and/or semimatal coating may be formed.

As the metal and semimetal, Ti, Zr, Ef, V, Nb,
Ta, Cr, Mo, W, Mn, Co, Cu, zn, Al, B and Si are
effactively adaptable.

Tn thie case, the coating thickness is tavorable
to be about 0.1-5 um.

Then, the ceramic coating is fu;ther formed on
the metal-semimetal coating.

As the ceramic coating, at least one selected
from ni:trides, carbides and carbonitrides of Ti, Zr, HE,
v, Nb, Ta, Cr, Mo, W, Mn, Co, Ni, Al, B and Si and
oxides of AL, Zn, Mn, Mg, Ti, Cr, B, Ni and si is
preferable. In this case, the coating thickness is
desirable to be about 0.1-5 pm.

Although there is mainly described with respect
to the case of forming two layer coatings censisting of
metal-semimetal coating as a first layer and ceramic
coating as a second layer, the invention is not intended

ag limitation thereof, and a further ceramic coating may
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be formed on the above two layers through the presence
or absence of a metal-.semimetal coating. That is, a
ceramic coating may be formed as a third layer, or a
metal-semimetal coating may be formed as a third layer
and a ceramic coating may be formed as a fourth layer,
or further the formation of such coating may be
repeated, In brief, in the invention, the
metal+semimetal coating is formed as an lnnermest layer
and the ceramic coating is formed as an outermost layer.

Moreover, the coated steel sheets obtained
according to the invention can be used as & far-infrared
radiation heating element, In this case, it Is
preferable that the ceramic coating of oxide is formed
as an outermost layer or the annealing is carried out in
an oxidizing atmosphere of 500-1200°C after the
formation of the ceramic coating.

In the deposition of metal-:semimetal and ceramic
through the ECD method, an apparatus of continuous
vacuum line is usually used, but a batch type
evaporation apparatus of a large capaclty may be used.

In the invention, low carbon cold rolled steel
sheets or stainless steel sheats capable of providing a
wide area and being relatively cheap are advantageously

adapted as the substrate.
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BRIEF DESCRIPTION OF THE DRAWINGS

1 is a2 schematic view of a batch type ion

Fig.
g apparztus applied to the invention;

g
‘_4
1]
r
|.4
2

ig. 2 is a schematic view of the conventional
ion plating apparatus;
Fig. 3 is & graph showing = relationship between

making power for ECD beam and making pow

a
3]
In
O
31
[ 3]
O
(9]
=
72
|.|
o
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BEST MODZ OF CARRYING OUT TEX INVENTION

N

A hot rolled sheet of stainless steel contalning
C: 0,038%, Si: 0.12%, Mn: 1.0%, Cr: 17.5% and Moc: l.4s
(2.2 mm thickness) was cold rollaed to a thickness cof
0.3 mm-and subjected to an annealing treatment, from
which &z specimen of 500 mm X 500 mm was cut out a3 a
substrate. After the surface of the substrate was
degreased, a cecating éelected from vafious metals and
semimetals was formed on the surface at a thickness of
0.5 um by an ion plating treatment using an apparatus
shown in Fig. 1 and then various ceramic coatings were
formed thereon at a total thickness of 1.0 pm, and

further third and fourth layers were formed on & part of

the product. The adhesion property, smocthness,
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corrosion reslstance and densifying degree of the thus
obtained products were measured. The results are shown
in Table 4,

Moreover, the conditions of the ion plating
treatment were acceleration current: 1000 a,
acceleration voltage: 70 V, vacuum degree: 7x10-4 Torr,
voltage and current of focusing coil: 10 vV, 800 &, bias
voltage: 80 V and preliminari;y heating

temperature: 500°C.
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Example 2

A cold rolled sheet of a low carbon steel
contalning C; 0.044%, Sis 0.01%, Mn: 0.33%, P: 0.009%
and S: 0.011l% (a hot rolled sheet of 2.2 mm in thickness
was cold rolled to a thickness of 0.7 mm) was subjected
to a recrystallization annealing at 680°C for 10 hours.
mhereafter, the surface of the steel sheet was polished
to & center-liné average roughness Ra of 0.2 um by
elecktrolytic pollishing, onto which were formed a
metal-semimetal coating (b.7 um thickness) and a ceramic
coating (0.7-0.8 um thickness), each being made from a
substance shown in Table 5, by using the apparatus shown
in Fig. 1 under conditions of ECD acceleration
voltage: 80 ¥V, acceleration current: 1000 A, vacuum
degree:; 8x107* Torr, focusing coils 7 V, 600 A, bias
voltage: 70 V and preliminarily heating temperature:
450°C.,

Moreover, as to numerals (1), (35). (9)y, (13),
(l6) and (20) ip rable 5, a Ni thin coating of 0.5 um in
thickness was formed on the steel sheet surface by wet
plating prior to the dry plating.

The adhesion property, smoothness, corrosion
resistance and densifying degree of the obtained
products were measured to obtain results as shown Iin

Table 5.
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Example 3
2 hot rolled sheet (2.3 mm thickness) of

stainless steel containing C: 0.04%, Mn: 1l.2%,

Si; 0.08%, Cr: 17.2% and Ni: 8.9% was finished to a
thickness of 0.25 mm through cold relling and heat
treatment. Thereafter, the steel sheet surface was
degreased and Cr, Ni and Ti were coated onto the steel
sheet surface at respective thickness of 0.5 um by ECD
method.

Then, coatings of various nitride-carbide were
formed at a thickness of 1.5~3,0 um. Thereafier, a part
of the samples was subjected to a coating treatment of
various oxides (1.5 um thickness) or to an annealing
treatment in an oxidizing atmosphere of 800°C,

The adhesion property, peeling properties at
rapid heating-rapid cocling and radiation properties
(radiocactivity at surface temperature of 650°C and
wavelength of 7 um) of the thus obtained products were

measured to obtain results as shown in Table 6.
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INDUSTRIAL APPLICABILITY

According to the invention, there can be
Obtained steel sheests being dense in the surface ang
hence excellent in all of adhesion property, smoothness,
uniformity and corrosion resistance, and ¢consequently
these steel sheets can be applied to use applications
requliring various surface properties inclusive of wear

resistance and ¢orrosion resistance.
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CLAIMS

1. B steel sheet provided with a dense ceramic
coating having improved adhesion property, smoothness
and corrosion resistance, comprising an underground
coating formed on a surface of a low carbon steel sheet
or 2 stainless steel sheet and made from =t least one of
metals and semimetals, and a ceramic coating of at least
one layer formed on said underground coating: said
ceramic coating having a surface roughness Ra of not
more thar 0.4 um and & pore number pver 1 cm? cf not more
than 1.

2. The steel sheet according %o claim 1, wherein
gzid metal-semimetal coating:is existent between said
ceramic coatings.

3. The steel sheet according to claim 1 or 2,
wherein said éeramic coating is made from at least one
selected from nitrides, carbides or carbonitrides of Ti,
zr, BE, V, Nb, Ta, Cr, Mo, W, Mn, Co, Ni, Al, B and Si
and oxides of AL, Zn, Mn, Mg, ?i, Cr, B, Wi and si.

4. A method of producing ateel_sheg@gzprovided with
a dense ceramic coating having improved adhesioﬁ
property, smoothness and corrosion reslstance by forming
a ceramic coating onto & surface of low carbon steel
sheet or stainless steel sheet through an ion plating
treatment with HCD method, which compriges forming a

metal-semimetal coating made from at least one of metals
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and semimetals as a first layer onto said surface of
caid steel sheet and forming a ceramic coating as 2
second layer on said coating under the following
conditions using as & moving passage of an evaporation
substance an inside of a focusing coil arranged so as to
surround arn outer periphery of a crucible and extend
near to said surface of said steel sheet.
Azcount
30 £ E 8 160
0.2+0.038 = P & 5.570.0758
{wherein H: & making power (kW) of ECD bean

F: a making power (kW) of focusing coil)

5. The method of producing steel sheets according
to claim 4, wherein a surface of said steel sheet is
subjected to a polishing treatment so as to be
Ras0.4 pm prior to the formation of said
metal-semimetal coating as a first layer.

6. The method of producing steel sheets according
to claim 4 or 5, wherein said steel sheet is
preliminarily heated to 100-600°C prior to the fgrmation
of said metal-semimetal coating as a first layer.

7. The method of producing steel sheets according
to ¢claim 4, 5 or 6, wherein a surface of said steel
sheet is subjected to Cr or Ni plating by wet plating
prior to the formation of said metal-gsemimetal coating

as a filrst layer.
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8. The method of producing steel sheets according
to claim 4, 5, 6 or 7, wherein the formatlion of ceramic
costing is repeated on said ceramic coating as a second
layer through the presence or absence of metal-semimetal
eoating, L1 necessary. |

9. The method of producing steel sheets according
to claim 4, 3, 6, 7 or 8, wherein an annealing treatment
is carried out in an oxidizing atmosphere of 500-120C0°C
after the formation Qﬁrceraﬁic coating as & f£inal layer.

'10. The method of producing steel sheets according
to claim 4, 5, 6, 7, 8 or 9, wherein sald ceramic

de from at least one selected from

[\

coating ism

.nitrides, carbides or carbonitrides cf Ti, Zr, =55, V,

Nb, Ta, Cr, Mo, W, Mn, Co, Ni, &1, B and Sl and oxides

of AL, Zn, Mn, Mg, Ti, Cr, B, Ni and Si.
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